We propose an infinitely repeated game of tax competition with an endogenous capital supply. Our results show that the larger the capital supply elasticity to interest rates, the easier it is for interregional tax coordination within a country to be achieved. The capital supply elasticity is lower when countries are less integrated into the international capital market, and vice versa. Thus, our finding suggests that the regions in the country with a lower (higher) degree of integration in the global market are less (more) likely to achieve tax coordination.
Introduction
Since the seminal work of Zodrow and Mieszkowski (1986) and Wilson (1986) , many studies have examined the inefficiency in the tax competition environment. When a country increases its tax rate, the outflow of the tax base generates a positive fiscal externality. As a result, tax competition induces an inefficiently low tax rate and a low public service level [Wildasin (1989) ].
In addition to this, a further source of inefficiency is inherent in the tax competition economy. A change in a country's tax rate affects the price of capital and, thus, other countries' returns on trade in capital, generating a terms-of-trade externality [DePeter and Myers (1994) ]. Because the loss in terms of resource allocation is too big to ignore, measures to rectify inefficient tax policies have been sought. 1 No matter which distortion a government faces, the potential for long-term tax cooperation is well known. Thus, the repeated interaction models of tax competition provide a better perspective on the conditions under which efficient tax coordination is sustainable. 2 This study follows existing works on the repeated interaction model of tax competition, but focuses on the role of endogenous capital supply, which enables us to examine whether the improvement of access to international capital market enhances or blocks interregional tax cooperation within a country. Previous studies using the repeated game model assume that the total amount of capital with which countries compete is constant, under all circumstances, which means the elasticity of capital supply is always zero. However, this assumption is not necessarily realistic. Considering that the source of capital is savings, it is natural to think that the amount of capital depends on the interest rate. In addition, if we assume some regions in a country compete over capital, 1 For instance, the loss of resources caused by tax competition has been measured as equivalent to 5% to 8% of total public expenditure [Wildasin (1989) , Parry (2003) ]. 2 The first repeated tax competition model was presented by Cardarelli et al. (2002) , who show that a smaller disparity between countries makes it easier to achieve tax coordination. Kawachi and Ogawa (2006) extended this model to incorporate the benefit spillovers of public goods. In the latter case, the authors show that the cooperative outcome tends to be realized as the magnitude of the spillovers becomes significant. Taugourdeau show that tax coordination is not sustainable when region sizes are too different. Itaya et al. (2008) isolate the issue of capital allocation from the problem of public goods by assuming there are no public goods in the economy.
In this way, they show that a larger disparity between countries makes it easier to achieve tax coordination. Then, Itaya et al. (2014 Itaya et al. ( , 2016 and extend the analysis to deal with partial coordination in a threecountry repeated game model. Kiss (2012) shows that introducing an agreement on a lower bound for admissible tax rates triggers a "race to the bottom," thereby worsening the status of all countries. Wang et al. (2014) and Ogawa and Wang (2016) examine how the existence of an equalization transfer system affects the sustainability of tax cooperation. Prior to these studies, Coates (1993) investigated the open-loop equilibrium of a dynamic game of property tax competition.
the amount invested in the country by the international capital market will change according to the domestic interest rate, which is determined by interregional tax competition. As such, we can interpret the magnitude of the capital supply elasticity as a proxy for a country's degree of integration in the international capital market: if the elasticity is zero (infinity), countries are completely isolated from (integrated with) the global capital market.
Some studies on tax competition have incorporated the endogenous supply of capital, finding that it sometimes plays an important role, urging modifications to the accepted and standard views. 3 While empirical evidence provides mixed results on the magnitude of the capital supply elasticity with respect to the interest rate, it proves that this elasticity is not zero, at least in the long run. Assuming the trend of globalization captured by market integration will continue and, thus, the capital supply of a country will not be constant, this study examines whether the link to the international capital market enhances interregional tax cooperation within a country. The results show that improved access to the international capital market works towards achieving interregional policy cooperation by reducing incentives for wasteful competition within a country.
Conversely, the more closed the domestic capital market is, the more each region has an incentive to deviate from the cooperative tax setting.
The rest of this paper is organized as follows. In Section 2, we present the basic model. Then, Section 3 presents a one-shot Nash equilibrium, and Section 4 presents a model of symmetric repeated tax competition. In section 5, the analysis is extended to the case of asymmetric tax competition, in which the asymmetry is captured by the difference between the initial endowments of capital between two regions within a country. Section 6 concludes the paper.
Model
Environment. This study analyzes a small country that is integrated with the international capital market. The country is very similar to that presented in Petchey and Shapiro (2002) and Petchey (2015) , which consists of two symmetric regions (i = 1, 2), where each region contains homogeneous residents, normalized to 1. The two regions compete for investment by domestic and overseas investors. We begin by describing the symmetric regions in their simplest form, deferring a discussion on asymmetric regions until later.
We assume that residents have a high attachment to where they live, and so do not migrate between regions. The fixed amount of initial capital in the country is given by 2k, which is owned equally by the residents in the two regions. Thus, a resident in each region owns k units of capital as an initial endowment, which is invested in one of the two regions or in the international capital market. Regional governments compete for the investment by choosing their capital tax rates.
Production. The production of private goods in region i requires capital and labor, along with technology that exhibits constant returns to scale. The per capita production function in region i is given by y i = f (k i ), where k i is the amount of capital per capita used in region i. A firm's profit is given by
where r is the price of capital, t i is the unit tax on capital employment imposed by the regional government, and w i is the wage. Profit
Domestic capital market.
The supply function of capital in the country is expressed in reduced form, and is assumed to be linear in the interest rate: 2k +c×(r −r * ), where r is the interest rate (rate of return) the country can offer, r * is a given rate of return determined in the world capital market, and c(≥ 0) is the responsiveness of the capital supply to the interest differential, which has a positive relation with the capital supply elasticity with respect to the gap in interest rates [Eichner and Runkel (2012) and ]. The first term represents the supply of capital by the residents in regions 1 and 2, and the second term represents the capital flows to and from the international capital market. If c = 0, the model reduces to the standard capital tax competition model, in which the capital market of the country is closed to the international market and, thus, the total amount of capital in the two regions is constant. As the parameter c increases, the capital supply responds sensitively to the interest rate. Here, c can be interpreted as a proxy for the connection between the domestic market and the international capital market.
The larger the value of c, the more the country's market is open to the international market.
The capital market equilibrium for the two-region economy is reached when the sum of the capital demand in the two regions is equal to the total capital supply:
To obtain a clear solution, we specify the form of production as f (k i ) = (A − k i )k i , where A represents the productive efficiency. Under this specification, we have
Budget constraints. A resident's preference in region i is given by U (c i ) = c i , where c i is the consumption of a private numeraire good. A resident in region i receives labor income
, a return on her capital investment rk, and a lump-sum transfer from the regional government g i . Hence, the budget constraint of the resident is given as follows:
The government in each region can only use a unit tax on mobile capital. Thus, the government budget constraint in region i becomes
3 One-shot Game
Nash Equilibrium
Using Eqs. (4) and (5) with
This means the resident's utility is equal to the per capita domestic product minus the payment for capital borrowing. The government in each region is assumed to be benevolent, and maximizes the utility of a representative resident of the region by selecting a capital tax rate. The maximization problem is given by
where r and k i are given by (2) and (3). Because the capital investment in a region could be made from abroad, the regional governments have an incentive to manipulate the rate of return in the country. Thus, they consider the tax effect on the domestic interest rate, r, but are sufficiently small that they cannot affect the rate of return in the international capital market, r * . Solving the problem, we obtain the following tax rates in the Nash equilibrium:
where Ω ≡ A − 2k − r * . In (6), the superscript N denotes the Nash equilibrium. Substituting (6) into (2) and (3), we obtain the price of capital in the country and the capital allocation in the Nash equilibrium:
Here, (8) shows that the regions in the country import capital in equilibrium (i.e., k < k N i ) if Ω > 0, where productivity A is sufficiently high and the world interest rate r * is sufficiently small. In contrast, the regions export capital (i.e., k > k
In the following analysis, we focus on the case of Ω > 0, assuming an emerging economy that invites investment from the international capital market. However, we do not exclude Ω ≤ 0.
From (6), we find that the regional governments choose a positive (non-positive) tax rate on mobile capital if Ω > 0 (Ω ≤ 0). The reason for taking such a sign is simple. When Ω > 0, the two regions import capital from the international capital market. In this case, they prefer a low interest rate in order to curtail interest payments. Since the rate of return (interest rate) has a negative relation with the tax rate, as in (2), in order to induce low interest rates, the regional governments have an incentive to use tax to manipulate the interest rate and set positive tax rates. The opposite holds if Ω < 0, in which regions export capital. In this case, they choose a negative tax rate in order to increase the interest rate, which yields greater capital income.
Furthermore, there is no incentive to manipulate interest rates using tax if the two regions do not export and import capital (Ω = 0).
Using the equilibrium values, the utility in the one-shot Nash game is obtained as
Tax Coordination
The condition for a cooperative outcome in the two regions can be found by maximizing the sum of the utilities:
The first-order conditions are
When c = 0, the optimal choices of t 1 and t 2 yield t 1 = t 2 , suggesting that the common cooperative tax rate is indeterminate. However, if c > 0, the coordinated tax rate is determined uniquely by
suggesting that ∂t C i /∂c < 0 if Ω > 0, and ∂t C i /∂c ≥ 0 otherwise. Here, we mention two particular features of our result. First, in previous studies that assume a constant capital supply (c = 0), the optimal tax rate for cooperation is not determined uniquely [Itaya et al. (2008) ]. That is, as long as two governments set identical tax rates, any common tax rate that provides a positive interest rate maximizes the sum of the utilities, because this is tantamount to maximizing the total output of the economy. The condition for total output maximization is that the marginal products of capital are equal, which holds when the two tax rates are identical. However, in this study, in addition to total output maximization, tax coordination is used to attract investment from abroad. Therefore, it is necessary to coordinate the two tax rates to induce the domestic interest rate to the desired level for both regions in a same country. As a result, the interest rate under the cooperative regime is given as follows:
Second, a comparison of (6) and (10) reveals that t
) −1 , which shows that the equilibrium tax rate is lower (higher) than the cooperative tax rate,
The reason why there is a tax gap between t C i and t N i is explained by the existence of externalities: Suppose Ω > 0, in which two regions import capital from the international capital market. When a region decreases its tax rate to invite capital, it increases the net-of tax price of capital, r, ∂r/∂t i < 0. The region reducing its tax rate takes into account the fact that changing its capital tax increases r and that this will have an impact on its payments for capital imports. However, an increase in r will also have a negative impact on the other region by increasing other region's payment for capital imports, and this is not accounted for by a region changing its capital tax. Therefore, the regional governments choose inefficiently low tax rates in the Nash equilibrium, which means a coordinated increase in capital tax is required. The reason for having t C i < t N i , if Ω < 0 can be explained in the same way. Using (10) and (11) with (3), the amount of capital in the cooperative phase is determined as follows:
which can be used with (10) and (11) to obtain the utility levels in the cooperative phase:
From (9) and (13), we easily find that U 
Repeated Game
We now consider a repeated game between the two regions. The discount factor of region i is denoted by δ i ∈ [0, 1). We assume that each region cooperates in tax competition on the current stage if the other region cooperated in the previous stage. If a region defects, then the cooperation between two regions collapses, triggering the punishment stage and indicating that the Nash equilibrium persists forever.
As usual,δ i exists as the critical value of δ i for region i so that they choose a cooperative tax rate: for all δ i ≥δ i , region i chooses the cooperative tax rate, t C i , while for δ i <δ i , the cooperative outcome cannot be supported. The critical value of δ i is obtained bŷ
where
The superscripts C, D, and N denote the utility levels of cooperation, deviation by region i, and punishment phases, respectively. Given that the rival region's tax rate is t C j , the best-deviation tax rate of region i, t D i , maximizes the utility of region i's residents. The tax rate can then be derived as follows:
Since t
, the government in each region deviates from the cooperative tax rate by reducing (increasing) its tax rate when Ω > (<)0. From (15) and (2)- (3), we obtain the interest rate and the amount of capital in region i as
respectively. From (15)- (17), the utility level of region i when region i deviates and region j maintains a cooperative tax rate is
Substituting Eqs. (9), (13) , and (18) into Eq. (14) allows us to obtain the threshold of the discount factor in each region i, aŝ
where lim c→0δi = 1 and lim c→∞δi = 0.5. From (19) , our main finding can be summarized as follows.
Proposition 1. Tax coordination may be easier to achieve as the responsiveness of capital supply with respect to the interest rate increases:δ i is continuously decreasing in c:
Proposition implies that an improvement of the access of the domestic capital market to (from) the international market increases the possibility that the regions in the country can sustain tax cooperation. The mechanism behind the result can be explained by considering the incentive to deviate from tax cooperation. From (10) and (15), the extent to which each region deviates from a cooperative tax rate is obtained by
which gives
First, assume Ω > 0, in which two regions import capital from the international capital market. Then, (20) and (21) show that each region has incentive to reduce its tax rate from the coordinated level, t C i > t D i but such incentives are reduced as the domestic market becomes more integrated with the international capital market, ∂(
The reason is as follows. When a region deviates and decreases its tax rate to invite capital, the domestic interest rate, r, is increased, which causes a large amount of capital inflow when c is large. Increased interest rates and large capital inflows increase payment for capital imports, which discourage the region to deviate from cooperative tax rate. In contrast, when c is zero (or sufficiently small), increased interest rate induced by the tax reduction does not change capital imports (very much). Then, there will be no (less) significant increase in payments for capital imports although there is an increase in payment for the rise in interest rates. Hence, when c is small, the regions do not care much about the increase in payment for capital import, which gives stronger incentive for them to deviate from tax cooperation.
Similar logic applies to the case of Ω < 0 because t D i > t C i and ∂(t D i − t C i )/∂c < 0 hold. Therefore, the larger the value of c, the easier it is for regional governments to achieve cooperative solutions.
Asymmetric Regions
The analysis in the previous section assumes that all regions in a country have identical technology and initial endowment of capital. This assumption is well justified when analyzing the equilibrium efficiency, because it avoids the distributional issues due to regional disparities. This assumption is also reasonable because the differences between regions in one country are much smaller than those between countries. However, some studies have examined the effects on the equilibrium outcome of regional asymmetries in terms of preferences, technology, and initial endowments (Bucovetsky, 1991) . In this section, we provide an example that is useful for examining the effects of regional asymmetries on the possibility of achieving tax coordination. This is not merely a formal generalization with which to consider regional asymmetry, but also an examination of the robustness of the results obtained.
The basic setup and notation of the previous sections are preserved here, except for the initial endowment of capital. Now, we assume that the initial capital in the country, 2k, is owned by the residents in region 1, and that the residents in region 2 have no initial capital as an endowment. This assumption makes it possible to simplify expression and to show the effects of regional disparity in the most extreme form. In this setting, the residents of region 1 gain capital income by investing their money in region 2 (and, possibly, abroad), while the residents of region 2 must import capital from region 1 and from international capital markets. 4 Since the analysis is based on the model in sections 3 and 4, the description of the results will be brief.
Equilibrium
Nash equilibrium. In the one-shot Nash equilibrium, the tax rates in regions 1 and 2 are chosen . Since the tax rate and the domestic interest rate have a negative relationship, the capital-exporting region 1 attempts to increase the capital price by selecting a lower tax rate. In contrast, the capital-importing region 2 prefers a lower capital price and, thus, selects a higher tax rate.
Using the equilibrium tax rates, we obtain the utility levels in the Nash equilibrium as follows: .
The utility gap in the Nash equilibrium is given as
Cooperative outcome. When two regions cooperate to maximize the total utility in the country, the tax rates must be set as
Without depending on the regional asymmetries, the cooperative tax rate is identical between the two regions. This is simply because the cooperative tax rate is required to maximize the sum of the output and the capital income of the two regions. The utilities in regions 1 and 2 in the cooperative equilibrium are
respectively, which suggest there is the utility gap in the cooperative outcome:
When region 1 deviates. Assume that the government in region 1 deviates from the tax cooperation, while the government in region 2 keeps choosing t 
When region 1 deviates from the tax cooperation, the utility of the residents in region 1, U D 1 , is obtained as follows:
where the superscript D denotes that region 1 deviates from the tax cooperation, while region 2 maintains the tax cooperation.
When region 2 deviates. Finally, assume that region 2 deviates from the tax cooperation, while the government in region 1 keeps choosing t C 1 . In this case, the tax rate chosen by region 2 is given by
Then, we have
where U D 2 is the utility of the residents in region 2 when region 2 deviates from the tax cooperation, while region 1 chooses the cooperative tax rate.
Repeated Game
Using (22)- (30) with (14), the minimum discount factors to sustain tax cooperation are obtained as follows:δ
To determine which region has a greater incentive to deviate from tax cooperation, we compare two critical discount factors:
where Γ ≡ Ω 2 18c + 41c 2 + 32c 3 + 8c 4 + 2 (c + 1) 2 +2k 2 16c + 8c 2 + 5 4c + 2c 2 + 1 (c + 2) 2 > 0. From (33), we obtain the following result.
Proposition 2.
Assume Ω > (≤)0. Then, the capital-poor region 2, which imports capital, has a greater (smaller) incentive to cooperate than the capital-rich region 1 does,δ 1 > (≤)δ 2 .
Proposition 2 has a possible link with the result of Itaya et al. (2008) , who show that a capital importer has a stronger incentive to cooperate when the cooperative tax rate is positive, but a weaker incentive to do so when the rate is negative. The result shown in Proposition 2 is analogous to their result, but advances the analysis. A major weakness of the result of Itaya et al. (2008) is that the cooperative tax rate is indeterminate. Therefore, they cannot identify the level at which the cooperative tax rate is set, or the kind of external environment that is likely to lead regions to choose a positive or negative cooperate tax rate. In our study, we show that the cooperative tax rate is determined uniquely: when the regions in the country import capital from the international capital market (Ω > 0), the cooperative tax rate is positive; however, the rate is negative when the capital owners of the regions in the country invest abroad (Ω < 0).
Hence, the analysis succeeds in identifying the environment that determines the level of the cooperative tax rate, and therefore, we can identify the condition that determines which region has a greater incentive to deviate from cooperation.
Furthermore, our analysis in this section makes it possible to show our main result in Section 4 still holds in asymmetric tax competition. That is, the market integration increases the possibility that domestic interregional cooperation is maintained, even if we allow regional asymmetries.
Corollary. Assume region 1 is endowed with 2k units of capital, while region 2 is endowed with nothing. Tax coordination between the asymmetric regions becomes easier as the capital supply elasticity with respect to the interest rate, c, increases. Here, as shown in Proposition 2, the capital-rich region 1 is more likely to deviate from tax cooperation than is region 2,δ 1 >δ 2 . In this case, tax cooperation between the two regions is more likely to be achieved if the possibility of region 1 cooperating increases. Fig 1 shows thatδ 1 decreases as c increases, suggesting that an increase in c enhances the tax coordination between the asymmetric regions. Fig. 2 shows the critical discount factor,δ i , when Ω = −0.2 < 0. As Proposition 2 suggests, in this case, region 2 is more likely to deviate from tax cooperation than is region 1,δ 1 <δ 2 . Fig. 2 also shows that an increase in c enhances tax coordination by decreasingδ 2 .
Intuitively, a higher value of c means it is more likely that the two regions will cooperate in choosing t C i , as explained in Section 4. First, suppose the target country imports capital from the international capital market, Ω > 0. In this case, t C 1 > t
/∂c < 0, meaning that region 1 has an incentive to deviate from the cooperative tax rate by reducing its tax rate, but this incentive becomes weaker as the market integration increases.
5 If c is sufficiently small (e.g., zero), there is little, or no capital inflow from the international capital market. Thus, region 1 exports its capital to region 2. In this case, region 1 has a significant incentive to increase the domestic interest rate by lowering its tax rate from the cooperative tax level in order to receive higher capital income. However, when c is sufficiently large, there is a significant capital inflow from abroad, and therefore, the export from region 1 to region 2 decreases. Since capital export to region 2 decreases, region 1 receives relatively small capital income, which induces region 1 to
have less incentive to raise interest rates. The weaker incentive to raise the interest rate means region 1 has less of an incentive to deviate from tax cooperation.
Next, we consider the case of Ω < 0. As Proposition 2 shows, region 2 has a greater incentive to deviate from tax cooperation,δ 1 <δ 2 . This can be explained using a similar mechanism.
In this case, since t
2 )/∂c < 0, region 2 has an incentive to deviate from the cooperative tax rate by increasing its tax rate, but that such incentives become weaker as market integration increases. 6 Since region 2 has no capital endowment, it always imports capital. However, the capital owned by region 1 is more likely to flow out to the international market when Ω < 0. In such a case, region 2 has two incentives to manipulate the interest rate: (i) to decrease the domestic interest rate (by increasing the tax rate) in order to reduce the cost of borrowing capital; and (ii) to increase the interest rate (by lowering the tax rate) in order to prevent capital outflows from region 1 to abroad. When c is small, the incentive to increase the tax rate from (i) outweighs the incentive to reduce the tax rate in (ii), because the capital outflow to the international market is not sensitive to a change in the domestic interest rate. In this case, region 2 has a greater incentive to deviate from the cooperative tax rate by increasing its own tax rate. This lowers the interest rate, which benefits region 2 by reducing its interest payments. In contrast, when c is high, region 2 has less of an incentive to deviate by increasing its tax rate, because the capital outflow is sensitive to the change in the domestic interest rate. Therefore, a reduction in the interest rate, accompanied by a tax increase, would have a significant negative impact, causing the outflow of capital from the country to accelerate. Therefore, region 2 has less of an incentive to deviate from tax cooperation by choosing a higher tax rate when c is large.
In all cases, the incentive for tax cooperation increases as the domestic capital market strengthens its ties with the international capital market. Thus, our main result (Proposition 1) is preserved.
Concluding Remarks
This study proposed a repeated tax competition model with an endogenous capital supply to examine whether a link to the international capital market enhances interregional tax cooperation within a country. The results show that tax cooperation between regions in a country is more likely to be achieved when the country is integrated with the international capital market.
The paper succeeds in presenting the theoretical hypothesis about the effects of integration in international markets on policy coordination within a country. In addition to this, it also contributes to solve an issue faced by previous research: In the repeated tax competition models, the cooperative tax rate is not uniquely determined, which causes the problem that makes the analysis of government size and welfare difficult in the cooperative phase (Itaya et al, 2008) . In this paper, we propose a model in which the cooperative tax rate is uniquely determined, so that the tractability of repeated interaction model of tax competition is improved.
Previous tax competition studies have argued that inefficiencies in decentralized policymaking increase with tax competition accompanied by market integration, which encourages competition to lower taxes on capital between countries. In contrast, we show that integration with the capital market enhances the incentives for tax coordination within a country. A stronger connection to the international capital market increases the regional incentive to manipulate domestic interest rates, which increases the incentive for the regions in the country to cooperate when setting tax rates.
Our results show that an outside market encourages regional governments within a country to cooperate. That is, because regional governments have a common purpose of manipulating the domestic interest rate to invite investment from the international market, they cooperate to set the tax rate within the country.
Appendices
Appendix A. When Ω > 0, from (24) and (27), we have 
